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[57] ABSTRACT

Programmable timing and logic circuitry is provided to
detect crosstalk between paced chambers of the heart
and to provide compensation in the event crosstalk is
detected. Signals sensed during a prescribed time win-
dow early in the cardiac cycle following an atnal pulse
are presumed to be crosstalk. If crosstalk occurs, a
shortened AV delay is triggered. If crosstalk does not
occur, a programmed AV delay is maintained. Absent

the occurrence of a ventricular event after the pre-

scribed time window up to the end of the AV delay, a
ventricular stimulation pulse is provided. If a ventricu-
lar event is sensed during this time, the ventricular stim-
ulation pulse is inhibited.

21 Claims, 3 Drawing Sheets




U.S. Patent  May2,1989 Sheet 1 of 3 4,8259870 -

( le——— |ST HEART CYCLE I
_ - - - R
| |

(PRIOR ART) A v i A
o N - l
| ' | |
L : L ‘
| - | '
| N |
e = Rp o | |
ARP l—— | - —_—t
var | — o
I*—PACIPEIG INTERVAL—» !
| | |

. _ |
fe—— PROGRAMMED AVI ————»

VAL . SHORTENED AVI—» |
| (120ms) | Vv
A _ S
s 22217777
‘ " |la-XTALK DETECTION }
o
ms — | |
SENSE INTERNAL
1 = XTALK)

| SENSE —————»

|  INTERVAL

| (NO XTALK)




4,825,870

US. Patent May2,1989  Sheet2of3

XTALK

|
|
|
|
|
|
|
|
|
|
|
|
|
|
A
l
|
|
!

49 46 - 50 .
- - | CROSSTALK TENTATIVE | .
SHALNEL DETECTOR ! V-DELAY INH)
. (64ms) (120ms) .
C

76
VARIABLE
64-120ms |
BLANKING
12.7-50ms)_ SENSING m
c T D
, . 42 _ 56
V-SENSE | CROSSTALK TENTATWE -
o . DETECTOR V-DELAY - INH
- CHANNEL (6ams) | | | (120ms)
c I C
cceccece

R 70 72 ' 54
A-PULSE _ - B V-PULSE
GENERATOR | A-V DELAY | GENERATOR

C 14 C /2

Frisos



"US. Patent May2,1989  Sheet 3 of 3 4,825,870

I-—————b A-PULSE

/144  PROGRAMMED
. VALUE

A-PULSE JL  VARIABLE - - '
GENERATOR | BLANKING [ _ 1

' ' 78 || ,80 - .84 o 92
/2 - 94 _ VALID
V-SENSE . ' ~ CROSSTALK | VALID R-WAVE|R-WAVE
~ CHANNEL [ DETECTOR | DETECTOR |

edms |

| | I
r | | 33 ‘ .
| e , - 98 |

' (86 XTALK

| SENSED

TIMER | _
~ CIRCUITS | | _ END AVI
96 _ - . 90

76 |

' A0 DISABLE ~ - '
OVERRIDE V-PULSE V-PULSE
' ‘ /100
PROGRAMMED
AVI VALUE



4,825,870

1

PACEMAKER HAVING CROSSTALK
PROTECTION FEATURE

This invention relates to cardiac pacemakers and,
more particularly, to an implantable, programmable,
dual-chamber cardiac pacemaker having the capability
of detecting crosstalk between atrial and ventricular

activities and compensating for a misinterpretation of

such crosstalk as activity within the heart chamber
which is sensed.

BACKGROUND OF THE INVENTION

The technology of cardiac pacemakers has developed
to a high level of sophistication of system performance.
The current generation of cardiac pacemakers incorpo-
rate microprocessors and related circuitry to sense and
stimulate heart activity under a variety of physiological
conditions. These pacemakers may be programmed to
control the heart in correcting or compensating for
various heart abnormalities which may be encountered
in individual patients. A detailed description of modern
cardiac pacemaker technology is set forth in Interna-
tional Application No. PCT/US85/02010, entitled
STIMULATED HEART INTERVAL MEASURE-
MENT, ADAPTIVE PACER AND METHOD OF
OPERATION, assigned to the assignee hereof. The
disclosure of that application is incorporated herein by
reference. |

In order to efficiently perform its function as a pump,
the heart must maintain a natural AV synchrony. The
term “AV synchrony” relates to the sequential timing
relationship that exists between the contractions of the
atria and the ventricles. In a given heart cycle or beat,
these contractions are typically manifest or measured
by sensing electrical signals or waves that are attendant
with the depolarization of heart tissue, which depolar-
1zation immediately precedes (and for most purposes
can be considered concurrent with) the contraction of
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cated chamber has occurred. If no electrical activity 1s
sensed within a prescribed time interval, typically re-
ferred to as an atrial or ventricular escape interval, then
a pulse generator, also housed within the pacemaker
housing, generates a stimulation pulse that is delivered
to the indicated chamber, usually via the same lead or
electrode as is used for sensing. This stimulation pulse
causes or forces the desired depolarization and contrac-
tion of the indicated chamber to occur. Hence, by first
sensing whether a natural depolarization occurs in each
chamber, and by second stimulating at controlled time
intervals each chamber with an external stimulation
pulse 1n the absence of a natural depolarization, the AV
synchrony of the heart can be maintained.
Unfortunately, there are many operating constraints
and conditions of the heart that complicate the opera-
tion of a demand-type pacemaker. (A demand-type
pacemaker is one that provides a stimulation pulse only
when the heart fails to produce a natural depolarization
on its own within a prescribed escape interval.) For
example, there are certain the periods following a depo-

~ lanization of cardiac tissue (prior to repolarization)
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the cardiac tissue. These signals or waves can be viewed 40
on an electrocardiogram and include a P-wave, repre-

senting the depolarization of the atria; the QRS wave
(sometimes referred to as an R-wave, the predominant
wave of the group), representing the depolarization of

the ventricles; and the T-wave, representing the repo- 45

larization of the ventricles. (It is noted that the atria also
are repolarized, but this atrial repolarization occurs at
approximately the same time as the depolarization of
the ventricles; and any electrical signal generated by
atrial repolarization is generally minute and is masked
out by the much larger QRS-wave on the electrocardio-
gram.) Thus, it is the P-QRS-T cycle of waves that
represents the natural AV synchrony of the heart.
These waves, including the time relationships that exist
therebetween, are carefully studied and monitored
through conventional ECG techniques whenever the
operation of the heart is being examined.
Multiple-mode, dual-chamber, demand-type, cardiac
pacemakers are designed, insofar as possible, to main-
tain an AV synchrony for damaged or diseased hearts
that are unable to do so on their own. This is realized by
placing electrodes in both the right atrium and right
ventricle of the heart. These electrodes are coupled
through intravenous and/or epicardial leads to sense
amplifiers housed in an implanted pacemaker. Electrical
activity occurring in these chambers can thus be sensed.
When electrical activity is sensed, the pacemaker as-
sumes that a depolarization or contraction of the indi-
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when the application of an external electrical impulse is
ineffective—that is, it serves no useful purpose, and thus
represents an unneeded expenditure of the pacemaker’s
limited energy. Therefore the application of stimulation
pulses during these time periods is to be avoided. Fur-
ther, it is not uncommon for extraneous electrical sig-
nals or noise to be present. These electrical noise signals
may be of sufficient amplitude to be sensed by the sens-
ing amplifiers of the pacemaker, which sensing can
“fool” the pacemaker into thinking that is has sensed
electrical activity associated with a natural depolariza-
tion of the heart tissue, when in fact all that it has sensed
is noise. |

Where signals originating in one chamber of the heart
are picked up and sensed by sensing circuits designed to
sense signals in the other chamber of the heart, this
particular noise problem is identified as “crosstalk.” As
a specific example, the atrial sense circuits may sense
activity that occurs 1n the ventriclie (also known as
farfield sensing), or the ventricle sensing circuits may
sense activity that occurs in the atrium (most common,
and the main problem addressed by this invention). In
either event, the pacemaker logic technically has no
way to-determine whether the sensed signal is a legiti-
mate signal (one that should be acted upon in a pre-
scribed manner) or a crosstalk signal (one that essen-
tially represents noise and should not be acted upon as
a legitimate signal).

While it should be noted that crosstalk can originate
from several sources, for purposes of this application
the most common source of crosstalk is the atrial stimu-
lation pulse which is generated by the pacemaker being
cross-coupled to the sensing circuits or electrode of the
ventricular channel.

In order to prevent the pacemaker from generating
and delivering stimulation pulses during the natural

refractory time period of the heart, or from sensing and
responding to electrical noise, it is common in the art to
include within the pacemaker a timer circuit that de-
fines a refractory period immediately subsequent to the
sensing of major electrical activity, or immediately
subsequent to the generating of an electrical stimulus.
Pacemaker refractory periods have been used to block
out noise for a prescribed time interval during a cardiac
cycle. For example, during such a refractory period, the
pacemaker sense amplifiers may be disabled for a first
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portion—the absolute refractory period—during which
nothing can be sensed. During a second portion—the
relative refractory period—the sense circuit can sense
activity, but that which 1s sensed is usually considered
to be noise.

Other methods are known 1n the art for specifically

detecting or minimizing crosstalk or cross-coupling
between heart chambers or the respective channel cir-

cuits or electrodes of the pacemaker. For example, U.S.
Pat. No. 4,462,406 of DeCote, Jr. discloses the preven-
tion of crosstalk between atrial and ventricular channelis
by multiplexing the atrial leads and ventricular leads at
about 2 kHz, a rate which is well above the sense ampli-
- fier’s upper frequency response.

U.S. Pat. No. 4,462,407 of Herscovici et al. prevents
crosstalk between atrial and ventricular leads by using
separate input/output circuits for the two channels
which are powered by respective isolation capacitors.
This arrangement is directed primarily to eliminating
crosstalk originating within the pacemaker circuits.

U.S. Pat. No. 4,470,418 of Herscovici et al. reduces
interchannel crosstalk in a dual-chamber pacemaker
designed for bipolar leads by using a switching circuit
that shunts an isolation resistance buffer amplifier in
series with the lead electrodes during stimulation. This
patent also discloses connecting a differential amplifier
in series with a led during sensing, which amplifier is
bypassed during pacing.

U.S. Pat. No. 4,586,507 of Herscovici prevents cross-
stimulation, a related but not identical problem to cross-
talk, between the atrium and ventricle leads during
pacing by switchably connecting separate output capac-
itors in series with the respective leads, which capaci-
tors are isolated from being charged in one channel until
after a stimulus has been delivered on the other channel.

These examples of known prior art, while directed to
the problem of crosstalk and similar problems, as is the

present invention, all depend upon switching the appli-

cable circuits on separate signal channels at different
intervals during the heart pacing cycle. Dealing with
the problem of crosstalk in such a manner adds to the
complexity of the circuitry of the pacemaker, increases
the circuit drain on the pacemaker power source, and
may degrade pacemaker reliability.

SUMMARY OF THE INVENTION

In brief, pacemakers incorporating embodiments of
the present invention serve to prevent inappropriate
inhibition of the pacemaker’s ventricular output if cross-
talk 1s detected.

Pacemakers in accordance with the present invention
provide an atrial to ventricular interval, or AV], initial-
1zed by the generation of an A-pulse, following which a
ventricular stimulus is generated unless an R-wave is
previously detected. The AVI includes a blanking per-
10d, immediately following the atrial stimulation pulse,
and a crosstalk detection window which follows the
blanking period. In one particular embodiment, the
blanking period and the crosstalk detection window
together equal 64 milliseconds. For example, where the
blanking period equals 25 milliseconds, the crosstalk
detection window is 64 minus 25 or 39 milliseconds.
Where the blanking period itself is programmable, as for
example from 5 to 50 milliseconds, the duration of the
crosstalk detection window equals 64 milliseconds
minus the programmed blanking period.

During this crosstalk detection window, the sensing
circuits of the pacemaker are operable to detect a signal
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which may be present. This may be a signal in one
chamber corresponding to crosstalk from the other

- chamber, it may be a lingering portion of the atrial
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stimulation pulse in a case where the A pulse has not
been fully damped by the end of the blanking period, or
it may be interaction from one channel to another.

If any signal is sensed during the duration of the
crosstalk detection window, the pacemaker sets its AV1]

to 120 ms, thereby causing the pacemaker to deliver a
ventricular output 120 ms after the atrial stimulation
pulse which initiates the timing of the pacing cycle. If
no signal 1s sensed during the crosstalk detection win-
dow, the pacemaker keeps its AV set to a programmed
value (which can be greater than 120 ms), thereby caus-
Ing a ventricular output pulse to be delivered at the end
of the programmed AVI. However, in either case, nor-
mal sensing is maintained following the termination of
the crosstalk detection window up to the end of the
AVI If, during this interval of normal sensing begin-
ning after the 64 ms termination of the crosstalk detec-
tion window and continuing to the end of the AVI
(which AVI may end at 120 ms or a programmed value,
depending upon whether any signals were sensed dur-
ing the crosstalk detection window) a ventricular event
1s sensed, the pacemaker inhibits the ventricular stimula-
tion pulse. In other words, if a normal ventricular depo-
larization is sensed, even if crosstalk is detected during
the crosstalk detection window interval, the ventricular
stimulation signal does not occur. Thus, the pacemaker
in accordance with the present invention monitors the
heart to detect crosstalk, defined as any signals sensed
within a predetermined interval following the atrial
stimulation pulse. If crosstalk is detected, the pace-
maker follows with a ventricular stimulation pulse at
the end of the AVI (which AVI assumes one of two
values depending upon whether crosstalk was detected)
following the atrial pulse unless a normal ventricular
activity is sensed, in which case the ventricular stimula-
tion pulse is inhibited.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages
of the present invention will be more apparent from the
following more particular description thereof presented
in conjunction with the accompanying drawings,
wherein:

FIG. 1 is a schematic representation of a dual-cham-
ber cardiac pacemaker installed in association with a
heart for pacing;

FIG. 2 1s a waveform representing heart action in
association with pacing;

FIGS. 3A-D are a set of waveforms and timing inter-
vals representative of the pacemaker of FIG. 1 operat-
ing in accordance with the present invention;

FI1G. 4 is a block diagram representing circuitry of a
preferred embodiment of the present invention; and

FIG. 5 is a block diagram representing circuitry of a
different embodiment of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

The following description is of the best presently
contemplated mode of carrying out the invention. This
description is not to be taken in a limiting sense but is
made for the purpose of describing the general princi-
ples of the invention. The scope of the invention should
be determined with reference to the appended claims.
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Referring now to FIG. 1, there is shown a simplified
representation of one way that an implanted pacemaker
10 may make electrical contact with the heart. FIG. 1
depicts the use of two bipolar leads 12 and 14, each
being directed into a separate chamber of the right
heart. A bipolar lead comprises a single filar that in-
cludes two electrically insulated conductors. For exam-
ple, the lead 14 includes a first conductor 16 that is
electrically connected to a distal tip 18 of the lead. This
distal tip is typically placed in a cavity of the right
atrium 19 referred to as the atrial appendage 20. A
known distance from the distal tip 18 an electrode ring
22 is electrically connected to the other conductor 24 of
the bipolar lead 14. Similarly, a distal tip 26 and a con-
ductive ring 28 are associated with the bipolar lead 12
that is placed in the apex of the right ventricle 30. The
manner in which the leads 12 and 14 are inserted into
the heart, as well as the manner in which the pacemaker
10 is implanted in the body of a patient, are well known
in the art.

FIG. 2 shows a timing diagram which illustrates the
response of the heart to stimulation pulses that are gen-
erated by an implanted pacemaker, such as the pace-
maker 10 shown in FIG. 1. The timing diagram of FIG.
2 defines various intervals that are commonly used in
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during which a naturally occurring P-wave must occur,
if one is to occur, prior to the generation of an atral
stimulation pulse, or A-pulse. Similarly, a naturally
occurring R-wave must occur, if one 1s to occur, prior
to the termination of the AV interval, or AVI. As indi-
cated in FIG. 2 for the first heart cycle portion of the
waveform, the AVI has timed out, thereby causing the
V-pulse to be generated. During the second heart cycle,
however, AVI has not yet timed out at the point in time
when the naturally occurring R-wave appears. Thus
there is no need for the pacemaker to generate a V-pulse
during the second heart cycle.

Also illustrated in FIG. 2 1s an atrial refractory per-
iod, ARP. During this refractory period, the normal
sensing mechanisms used within the atrium are non-
responsive. This refractory period 1s analogous to the
natural refractory period of myocardial tissue immedi-
ately following depolarization and prevents the pace-

- maker from detecting any polarization signals or noise

20

2

controlling a dual-chamber demand-type pacemaker. In

a pacemaker of this type, it is common to define an
escape interval during which activity within the heart s
sensed. If a natural cardiac event occurs during this
escape interval—i.e., if a natural P-wave or R-wave 1s
sensed, then a corresponding stimulating pulse need not
be generated. Not only does this mode of operation
allow the heart to function in its natural state, if it is
~ able, but it also helps conserve the limited power stored
within the battery of the pacemaker. In response to an
atrial stimulation pulse, or A-pulse, delivered to the
right atrium 19 through the distal tip 20 of lead 14 (FIG.
1), both atria contract and a P-wave is generated. Be-
cause the stimulating A-pulse originates from a different
point within the right atrium than does the normal stim-

ulating pulse of the heart, the P-wave generated in re-

sponse to this A-pulse does not appear the same as a
naturally occurring P-wave. For purposes of this appli-
- cation, this difference between a P-wave in response to
an A-pulse and a P-wave in response to the naturally
occurring pulse of the heart is depicted as a P-wave of
-~ opposite polarity. The waveform of FIG. 2 is further
distinguished by referring to it as the Pp-wave, indicat-
ing that it is a paced P-wave, or a P-wave in response to
a pacing signal. |

Similarly, in response to a stimulation pulse applied to
the right ventricle, an R-wave 1s generated, represented
in FIG. 2 as an inverted Rj,-pulse. The R-wave in FIG.
2 1s shown inverted from the R-wave to the right of the
figure because the stimulating puise propagates through
the ventricle chamber in a different direction than does
the natural stimulating pulse that propagates through
the left and right ventricle signal paths. Hence for pur-
poses of this application, the natural responses or natu-
ral depolarizations of the heart are represented in the
figures as a positive P-wave (a waveform going in the
upwards direction) and a positive R-wave. Depolariza-
tion of the atria or ventricles in response to an externally
generated stimulation pulse, such as the A-pulse or
V-pulse of the pacemaker, are represented as a negative
going P,-wave or R,. |

The atrial escape interval is represented in FIG. 2 as
VAI This is a prescribed time set by the pacemaker
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that might result in timing errors.

The VA interval, or VAI, of FIG. 2 is initiated by the
generation of a V-pulse, or the sensing of a natural
R-wave. This VA interval, less the atrial refractory
period, ARP, defines the time during which a natural
(non-paced) P-wave must be detected if the atrial stimu-
lation pulse is to be inhibited. In FIG. 2, the pacing
interval or rate set by the pacemaker is equal to the VA
interval, VAI, plus the AV interval, AVIL. Controlling
the duration of these two time periods, AVI and VAI,
either together or relative to each other, 1s a common
approach to controlling the pacing interval of the pace-
maker and thereby the heart rate.

In accordance with the present invention, the pace-
maker 10 of FIG. 1 as described hereinabove is modi-
fied to operate as indicated by the waveform and timing
diagrams of FIGS. 3A-3D. Referring to FIG. 3A, var-
ous timing intervals are defined that relate to the present
invention. The timing out of the atrial escape interval,
VAl, causes the generation of an A-pulse, which A-
pulse is followed by the AV interval, AVI. The AVI
may assume one of two values: (1) a programmed value,
or (2) a shortened value. In the preferred embodiment,
the shortened value 1s 120 ms and is used as the AVI
only when crosstalk is detected. A V-pulse follows the
timing out of the AVI if required, i.e., if no R-wave i1s
previously sensed, as described below. The principal
function of this embodiment of the present invention is
to prevent the inappropriate inhibition of the pacer’s
ventricular output if crosstalk occurs. This embodiment
of the invention divides the AV] into three subintervals:
(1) a blanking period; (2) a crosstalk detection window;
and (3) a sense interval. The blanking period immedi-
ately follows an A-pulse. In one embodiment, this
blanking period 1s programmably settable in four steps:
13 ms, 25 ms, 38 ms or 50 ms. During this blanking
period, all sensing is disabled. After termination of the
blanking period, the crosstalk detection window is initi-
ated which extends until 64 ms following the A-pulse.
During the crosstalk detection window, the pacemaker
pulse generating circuits are disabled, but sensing oc-
curs. If any signal is sensed during the crosstalk detec-
tion window, the pacer 10 (FIG. 1) sets AVI to 120 ms,
thereby readying the pacer to deliver a veniricular
output 120 ms after the atrial output. If no signal is
sensed during the crosstalk detection window, AVI
remains set at its programmed value (which pro-
grammed value can be greater than 120 ms). Following
the crosstalk detection window comes a sense interval.
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The sense interval lasts until the end of the AVI If
crosstalk has been detected, the sense interval thus cov-
ers the time from 64 ms after the A-pulse (at the conclu-
sion of the crosstalk detection window) to 120 ms (the
end of the shortened AVI). If no crosstalk has been

detected, the sense interval covers the time from 64 ms
after the A-pulse to the end of the programmed AVI.
During the sense interval, normal sensing is maintained.

If a ventricular event is sensed within this sensing inter-
val, the ventricular output is inhibited, even though
crosstalk may have been detected during the crosstalk
detection window. Detecting crosstalk thus alters the
length of the AVI; 1t does not alter the function of the
sense interval.

FIG. 3B illustrates what happens when crosstalk is
detected during the crosstalk detection window and no
ventricular events are sensed during the sense inter-
val—a V-pulse is delivered 120 ms after the A-pulse.

FI1G. 3C simtlarly illustrates what happens when cross-

talk 1s detected during the crosstalk detection window
and an R-wave is sensed during the sense interval—no
V-pulse is generated. Finally, FIG. 3D shows what
happens when no crosstalk is detected during the cross-
talk detection window—the AVI remains at its pro-
grammed value. Further, FIG. 3D illustrates the situa-
tion where no ventricular event is sensed during the
sense interval followmg the crosstalk detection win-
dow.

The block diagram of FIG. 4 represents timing and
logic circuitry embodying the present invention. That
is, the circuitry shown in FIG. 4 is used to realize the
results shown in FIGS. 3A-3D. 1t is noted that FIG. 4
‘represents a simplified block diagram that incorporates
only those elements required to practice the present
invention. The figure is drawn depicting these elements
as separate elements that could be added to the conven-
tional circuits of a dual chamber pacemaker, which
conventional circuits are well known in the art and are
thus not duplicated here. It should be noted, however,
that while FIG. 4 has been drawn so as to clearly teach
the operating principles and basic structure required to
practice the present invention, many of the functions
performed by the elements shown in FIG. 4 could
readily be incorporated within the already existing ele-
ments of a dual chamber pacemaker by those skilled in
art.

Referring then to FIG. 4 it is seen that the present
invention includes an A-pulse generator 70, which gen-
erator 70 1s the same generator used by the conventional
pacemaker circuits to generate an A-pulse and deliver it
to the heart over the pacer lead 14. As is known to those
skilled in the art, there are conditions defined within the
logic of a dual chamber pacemaker that cause an A-
pulse to be generated. For purposes of the present in-
vention, it matters only that an A-pulse has been gener-
ated. Hence, the conditions that cause the A-pulse to be
generated are not shown in FIG. 4.

The generation of an A-pulse triggers variable blank-
ing circuit 72 and AVI circuit 74. Variable blanking
circuit 72 generates the blanking period, shown in FIG.
3A. This period is programmable, and will typically be
programmed to assume a value of between 5 and 50
msec. In one embodiment, it is programmed to be ap-
proximately 13, 25, 38 or 50 ms. AVI circuit 74 gener-
ates the AV interval (AVI) shown in FIG. 3A. As pre-
viously indicated, the AVI may assume one of two
values: a programmed value (such as 230 ms), or a
shortened value equal to 120 ms. The length of the AV1
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8

is controlled by a control signal received over signal
line 76, as described below. |

Still refemng to FIG. 4, it is seen that V-Sense Chan-
nel circuit 78 is coupled to receive sensed signals from
the ventricle of the heart over ventricular lead 12. The

output of V-Sense Channel 78 is directed to functional
AND gate 80 where 1t 1s gated with the inverted output
(inverted by INVERTER gate 82) from blanking cir-

cuit 72. Thus, only signals sensed by V-sense Channel
78 that occur after the blanking period defined by the
blanking circuit 72 are allowed to pass through AND
gate 80.

Signals passing through AND gate 80 are coupled to
Crosstalk Detector 84. It is the function of Crosstalk
Detector 84 to detect all signals occurring within the
time interval beginning immediately after termination
of the blanking period up to 64 ms after the generation
of the A-pulse. That is, it is the function of the Crosstalk
Detector 84 to detect all signals occurring within the
crosstalk detection window. A 64 ms reference signal
used to define the end of the crosstalk detection win-
dow 1s provided to Crosstalk Detector 84 from the
timer circuits 86, which circuits 86 are also initialized by
the generation of the A-pulse.

If Crosstalk Detector 84 determines that a signal has
occurred within the crosstalk detection window, a
“XTALK SENSED” signal is generated on signal line
88. This signal sets latch 90, which latch provides the
control signal on signal line 76 that is directed to the
AVI circuit 74. In response to the setting of latch 90,
AVI circuit 74 selects the AV interval to be 120 ms. (the
shortened AVI1 shown in FIG. 3A) instead of the pro-
grammed value of AVI. This shortened AVI will be
generated by AVI circuit 74 for use only within the
cardiac cycle initiated by the most recently generated
A-pulse. At all other times, the programmed value of
AVI will be generated.

Regardless of whether or not the Crosstaik Detector
84 determines that crosstalk occurred during the cross-
talk detection window, any signals sensed by V-sense
Channel circuit 78 that occur during the sense period
(FIG. 3A)—after the termination of the crosstalk detec-
tion window and prior to the termination of the AVI-
—are sensed by Valid R-wave Detector 92 and deemed
to be valid R-waves. The detection of a valid R-wave
during the sense period causes a signal, VALID R-
WAVE, to be generated on signal line 98. This signal is
directed to V-pulse generator 100 and is used to disable
the generation of the V-pulse for the current cycle. This
signal also resets latch 90, and thus ensures that the AVI

- circuit 74 reverts to the programmed AV value for the

subsequent heart cycle.

The R-wave Detector 92 defines the sense 1nterval
and hence is able to signal a valid R-wave (which is any
signal that occurs during the sense interval) as follows:
All signals that occur after the crosstalk detection win-
dow are passed through Crosstalk Detector 84 to the
R-wave Detector 92 over signal line 94. The end of the
AVl is indicated to the R-Wave Detector 92 by a signal
“END AVI” generated by the timer circuits 86. The
timer circuits 86, in turn, monitor the current value of
AVI (which can be either 120 ms or the programmed
value) over signal line 96, which line is coupled to the
output of the AVI circuit 74. Thus, any signal occurring
after 64 ms. and prior to END AVI is categorized as a
valid R-wave by R-wave Detector 92.

In operation, V-pulse generator 100 generates a V-
pulse at the conclusion of the AVI unless the V-puise
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generator is disabled. Disabling of the V-Pulse genera-
tor 100 occurs whenever a valid R-wave is detected
within the sense interval. The sense interval is defined
by the R-wave detector 92 as that period of time follow-
ing the conclusion of the crosstalk detection window

(which occurs 64 ms after the generation of the A-pulse)

and the end of the AVI. The AVI may assume one of
two values. If a signal is detected during the crosstalk
detection window (which is the time interval following
the blanking period up to 64 ms), the AVI is set at 120
ms. If no crosstalk is detected during the crosstalk de-
tection window, the AVI is set to the programmed
value. In this manner, the pacemaker in accordance
with the present invention prevents inappropriate inhi-
bition of the pacemaker’s ventricular output (the V-
pulse) if crosstalk is detected.

The block diagram of FIG. 5 schematically repre-
sents timing and logic circuitry embodying a different
embodiment of the present invention. In FIG. 5, an

A-sense channel 40 and V-sense channel 42 are shown

coupled to receive sensed signals from the atrium and
ventricle of the heart over respective leads 14 and 12.
Both of these two sensing channels are coupled to a
variable blanking stage 44 which can be set at a selected
blanking interval to prevent any sensing in the two
sensing channels 40, 42 during the selected intervals of
12.7 to 50 ms. | |

In the A channel, the output of the stage 40 is coupled
to a crosstalk detector 46. The crosstalk detector 26 is
set to provide a crosstalk detection window of 64 ms
following the A-pulse which initiates timing for the
cycle and can only be effective after the input channel
40 is no longer blanked by the stage 44. The output of
the crosstalk detector 46 is coupled to a tentative V-
delay stage 50 which is set to develop an output signal
at 120 ms 1f it receives a signal from the crosstalk detec-
tor 46. At the output of the stage S0 is an inhibiting gate
52 which 1s connected to be controlled by an output
from a sensing stage 58 in the V channel. The output of
the inhibiting gate 52 is connected to the input of a
V-pulse generator 54. With the A sensing portion of the
system as thus described, a tentative V-delay signal is
generated by the stage 50 if the crosstalk detector 46
receives any input within 64 ms before the A-pulse.
Unless inhibited at the gate 52, the signal from the stage
30 will trigger the V-pulse generator 54 to send a pacing
signal to the ventricle.

Still referring to FIG. 5, the V channel includes cor-
responding crosstalk detector stage 56, tentative V-
delay stage 60 and inhibiting gate 62 with the addition
of a normal sensing stage 58. The V-channel operates in
like fashion to the A-channel in the detection of cross-
- taik from the opposite chamber of the heart to cause the
generation of a V-pulse from the generator 54 if cross-
talk is detected by the stage 56, absent normal heart
activity within the interval from 64 to 120 ms following
the A-pulse. If the normal sensing stage 58 detects a
signal within the interval from 64 to 120 ms following
the atrial pacing pulse, signifying normal heart activity

in that interval, it inhibits both gates 52, 62, thereby 60

blocking any trigger signal from the stages 50, 60. All of
the timing circuits of FIG. 4 are coupled to a clock
timer 64, as indicated by the leads marked “c”.

The block diagram of FIG. 5 also includes circuitry
to trigger the V-pulse generator 54 after a customary
AYV delay in the event that the crosstalk detector circuit
portion does not trigger a V-pulse and there is no nor-

mal ventricle activity. This is represented by an A-pulse
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generator 70 coupled to an AV delay stage 72, the out-
put of which is applied to an AND gate 74. In addition
to the connections as thus far described, the output of
the stage 50 is applied by inverter stage 76 to an AND
gate 74. Similarly, outputs of the stages 58, 60 are ap-
plied by respective inverting blocks 80, 81 to an AND
gate 82, the output of which is applied to the AND gate
74. With this circuit, if no signal appears on any output
of the stages 50, 58 and 60, signifying a condition where
a V-pulse 1s needed following the standard AV delay,
the signal from the pulse generator 70, delayed by the
AYV delay stage 72, is fed through the enabled gate 74 to
activate the V-pulse generator 54.

Thus arrangements in accordance with the present
invention provide a particular modification of conven-
tional AV pacing to compensate for the detection of
crosstalk within a predetermined interval following the
atrial pulse. As a result, a ventricular pulse is supplied at
a fixed interval following the atrial pulse unless a nor-
mal ventricular event occurs, in which case, the ventric-
ular pulse is unnecessary and is therefore dispensed
with.

Although there have been described above specific
arrangements of a pacemaker having crosstalk protec-
tion feature in accordance with the invention for the
purpose of illustrating the manner in which the inven-
tion may be used to advantage, it will be appreciated
that the invention is not limited thereto. Accordingly,
any and all modifications, variations or equivalent ar-
rangements which may occur to those skilled in the art
should be considered to be within the scope of the in-
vention as defined in the annexed claims.

What is claimed is: |

1. A cardiac pacing system comprising:

a dual-chamber cardiac pacemaker having leads for
installation in an atrium and ventricle, respectively,
each lead being adapted to both pick up electrical
signals within the heart and to transmit pulses to
stimulate heart activity within the associated heart
chamber;

electrical circuitry coupled to at least one of said
leads for sensing electrical signals picked up by said
at least one lead and for generating stimulating
signals under predetermined conditions;

timing means coupled to said electrical circuitry for
timing the operation thereof; .

an atrial pulse generator responsive to said timing
means to provide an atrial pacing pulse; and |

a ventricular pulse generator for providing a ventric-
ular output pulse in response to an applied trigger-
ing signal;

said electrical circuitry including:

a sense stage coupled to at least one of said leads for
sensing signals thereon;

a crosstalk detector coupled to the sense stage for
providing a control signal in the event a heart
signal is sensed by the sense stage within a first
predetermined interval following an atrial pac-
ing pulse;

a tentative signal generator responsive to the cross-
talk detector control signal for developing a
signal to trigger the ventricular pulse generator
at the end of a predetermined delay following
and atrial pacing pulse;

a normal sensing stage coupled to sense ventricular
depolarization and provide an inhibit signal in
the event normal heart activity is sensed within a
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second predetermined interval following said
first predetermined interval; and

means responsive to said inhibit signal for inhibit-
ing the trigger signal of the tentative signal gen-
erator.

2. The system of claim 1 further including a variable
blanking stage coupled to the sense stage for blanking
said stage during a selected blanking interval immedi-
ately following an atrial pacing pulse.

3. The system of claim 2 wherein said variable blank-
ing stage is programmable to select one of a plurality of
preset time periods for said blanking interval, each of
said time periods being less than said first predetermined
interval.

4. The system of claim 3 wherein said preset time
periods comprise approximately 13, 25, 38 or 50 ms,
wherein the first predetermined interval i1s 64 ms,
wherein the second predetermined interval begins at the
termination of said first predetermined interval and ends
at 120 ms after the atrial pacing pulse, and wherein the
predetermined delay of the tentative signal generator is
120 ms.

5. The system of claim 1 further including additional
electrical circuitry coupled to the other of said leads,
said additional electrical circuitry including a second
sense stage, a second crosstalk detector, a second tenta-
tive signal generator, and second inhibiting means cou-
pled to control the atrial pulse generator in the same
manner as the previously described sense stage, cross-
talk detector, tentative signal generator, and inhibiting
means control the ventricular pulse generator.

6. The system of claim § further including a variable
blanking stage programmable to select one of a plurality
of preset blanking periods, said variable blanking stage
being coupled to both the sense stage and second sense
stage to blank said stages for the selected preset blank-
ing period.

7. The system of claim 1 further including means for
triggering the ventricular pulse generator from the
atrial pulse generator in the event that no triggering
pulse 1s provided by either channel and normal ventric-
ular depolarization is not sensed.

8. The system of claim 7 comprising an Av delay
stage coupled to the atrial pulse generator and gating
means for applying a delayed signal from the Av delay
stage to trigger the ventricular pulse generator only in
the event that neither crosstalk nor normal ventricular
activity is detected in either channel within a normal
AYV interval.

9. A crosstalk detection circuit for a cardiac pace-
maker, said cardiac pacemaker having atrial and ven-
tricular pulse generators for pacing a heart with which
the pacemaker is associated, said pacemaker further
having leads for installation in an atrium and ventricle
respectively, each lead being adapted to both pick up
electrical signals within the heart and to transmit pulses
to stimulate heart activity within the associated heart
chamber, said crosstalk detection circuit comprising:

a sense stage coupled to at least one of said leads for

sensing signals thereon;

a crosstalk detector coupled to the sense stage for
providing a control signal in the event a heart sig-
nal is sensed by the sense stage within a first prede-
termined interval following an atrial pacing pulse;

a tentative signal generator responsive to the cross-
talk detector control signal for developing a signal
to trigger the ventricular pulse generator at the end
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of a predetermined delay following an atrial pacing
pulse;

a normal sensing stage coupled to sense ventricular
depolarization and provide an inhibit signal in the
event normal heart activity is sensed within a sec-
ond predetermined interval following said first
predetermined interval;

means responsive to said inhibit signal for inhibiting
the trigger 51gna1 of the tentative signal generator;
and

timing means for timing the operation of the circuit
relative to an atrial pacing pulse.

10. The crosstalk detection circuit of claim 9 further
including a variable blanking stage coupled to the sense
stage for blanking said stage during a selected blanking
interval immediately following an atrial pacing pulse.

11. The crosstalk detection circuit of claim 9 compris-
ing pairs of sense stages, crosstalk detectors, tentative
signal generators, and inhibiting means interconnected
as defined in respective A- and V-channels, the V-chan-
nel including the normal sensing stage; and

means for coupling the output of each channel to the
ventricular pulse generator to provide control of
the ventricular pulse generator from either chan-
nel.

12. The method of controlling the triggering of a
ventricular pulse generator of a dual-chamber cardiac
pacemaker having connections to leads inserted, respec-
tively, into an atrium and ventricle of a heart compris-
ing the steps of:

sensing electrical signals within respective heart
chambers during predetermined intervals follow-
ing an atrial pacing pulse;

detecting crosstalk within a first predetermined inter-
val following the atrial pacing pulse;

generafing a signal to trigger the ventricular pulse
generator with a predetermined delay following
the atrial pacing pulse if crosstalk 1s detected;

monitoring the heart of normal ventricular activity
and inhibiting said trigger signal in the event that
normal ventricular activity 1s detected.

13. The method of claim 12 further including the step
of blanking monitoring of the heart for a selected blank-
ing period immediately following the atrial pulse and
prior to said first predetermined interval for crosstalk
detection.

14. The method of claim 12 wherein the step of de-
tecting crosstalk includes detecting crosstalk in both
heart chambers being sensed.

15. The method of claim 14 further including trigger-
ing the ventricular pulse generator after a predeter-
mined AV interval in the absence of crosstalk and if
normal ventricular activity is not sensed.

16. A crosstalk detection circuit for a cardiac pace-
maker, said cardiac pacemaker having atrial and ven-
tricular pulse generators for pacing a heart with which
the pacemaker is associated, said pacemaker further
having lead means for making electrical contact with
said heart, said crosstalk detection circuit comprising:

sensing means coupled to said iead means for sensing
signals thereon;

timing means for defining first and second time inter-
vals, said first time interval beginning with the
generation of an atrial stimulation pulse by aid
atrial pulse generator, and said second time interval
beginning at the conclusion of said first time inter-
val;
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crosstalk detection means coupled to said sensing
means and said timing means for first determining if
a signal 1s sensed within said first time interval and
for generating a crosstalk signal in response to said
first determination and for secondly determining if
a signal is sensed by said sensing means during said
second time interval and for generating an R-wave
signal in response {0 said second determination;

adjustment means coupled to said timing means for
automatically adjusting the length of said second
time interval in response to the occurrence of said
crosstalk signal; and

control means coupled to said timing and detection

means for causing said ventricular pulse generator
to generate a ventricular stimulation puise at the
conclusion of said second time interval unless said
R-wave signal occurs, said control means thereby
inhibiting the generation of a ventricular stimula-
tion pulse in response to the occurrence of said
R-wave signal.

17. The crosstalk detection circuit of claim 16
wherein said first time interval generated by said timing
means is further divided into a first time period and a
second time period, and further wherein said detection

means generates said crosstalk signal only if a signal is.
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sensed within the second time period of said first time
interval.

18. The crosstalk detection circuit of claim 17
wherein said first time period of said first time interval
comprises a blanking period during which said sensing
means 1s prevented from sensing any signals, and further
wherein said second time period of said first time inter-
val comprises a crosstalk detection window during
which said sensing means is allowed to sense signals on
sald lead means, the sensing of any signals during said
crosstalk detection window causing said crosstalk signal
to be generated.

19. The crosstalk detection circuit of claim 18
wherein said timing means includes programming
means for allowing the length of said blanking period to
be programmably selected to a desired value within the
range of O to 50 milliseconds.

20. The crosstalk detection circuit of claim 19
wherein said first time interval comprises a fixed time
period greater than 60 milliseconds, whereby said cross-
talk detection window assumes a value equal to this
fixed time period less the blanking period.

21. The crosstalk detection circuit of claim 20
wherein said adjustment means adjusts the length of
said second time interval in response to the occurrence
of said crosstalk signal to a value of between 50 and 60

milliseconds.
* % x - *
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